the Neuroticism-Extraversion-Openness Five-Factor Inventory was performed. Results: We found 7 nominally significant associations for personality traits: agreeableness [rs857240 (AVP, p = 0.0075), rs2270463 (OXTR, p = 0.047)], neuroticism [rs3756242 (CD38, p = 0.024), rs13104011 (CD38, p = 0.024), rs6816486 (CD38, p = 0.024), rs7655635 (CD38, p = 0.034)] and extraversion [rs237878 (OXTR, p = 0.019)]. None of these associations remained significant after the Bonferroni correction (p threshold = 2.31 × 10 -4 ). Conclusion: Our results do not contradict the hypothesis of associations between personality traits and oxytocin-related gene variants; however, there are no statistically significant associations after correcting for multiple testing, warranting replication in larger samples.
Introduction
Oxytocin is a neuropeptide hormone well known for its importance in parturition and milk letdown in women [1] . An increasing amount of research has demonstrated that it is involved in several aspects of social behavior [2] , and its role in social memory, pair bonding and parental behavior is well established in animal research [2] [3] [4] . Va-sopressin is a hormone essential for controlling reabsorption of water in the kidneys [5] , but a growing body of evidence suggests that this neuropeptide also plays an important role in social behavior [6] . The structure and gene location of both oxytocin and vasopressin are similar, which might explain their overlapping pharmacological properties [7] . These findings have led to an augmented interest in the effects of oxytocin and vasopressin on social phenotypes in humans [8] [9] [10] .
Trials with intranasal oxytocin and vasopressin have been conducted and many show an effect on interpersonal trust, anxiety and social behavior [9, 11, 12] . While oxytocin administration mainly has positive effects on these aspects, e.g. lower anxiety levels, reduced activity in the amygdala when exposed to fearful visual images, increased generosity, increased performance on tests of theory of mind, increased trust behavior and better ability to correctly classify positive facial emotions (for a review, see Macdonald and Macdonald [9] ), the effects of vasopressin have been found to be mainly negative, e.g. increased aggression and anxiety [12] [13] [14] and decreased emotion recognition [15] , although contradictory findings regarding cooperative behavior have been found [16, 17] . Additionally, Cardoso et al. [18] found that oxytocin given intranasally improved self-perception of personality traits important for social affiliation measured by the Revised Neuroticism-Extraversion-Openness Personality Inventory. Oxytocin has thus been suggested as a treatment option in psychiatric illnesses with aspects of social dysfunctions, including schizophrenia and autism [19] [20] [21] .
The effect of intranasal oxytocin, however, seems to have interindividual variability. Bartz et al. [22] have recently proposed an interactionist model where the relationship between oxytocin and social behavior is constrained by context and personality traits. Findings from other studies have strengthened this theory: the performance on the Reading the Mind in the Eyes test after intranasal oxytocin administration was found to depend on the participants' degree of alexithymia [23] ; moreover, individual factors were observed to modulate the effect of intranasal oxytocin administration on affective response to stress [24] . This implies that knowledge about the endogenous oxytocin system is important to predict treatment response.
Studies of the effects of endogenous oxytocin in humans are mostly done by measuring peripheral levels in plasma [9] . High plasma levels of oxytocin have been found to be associated with trustworthiness [25] , less anxiety in patients with major depression [26] , partner support [27] and sensitive parenting [28, 29] . Low plasma levels of oxytocin have been reported in autism [30] , postpartum depression [31] and schizophrenia [32, 33] . However, since oxytocin is produced in the brain, we do not fully know to what extent the peripheral (i.e. plasma) level of oxytocin reflects the level in the central nervous system. Based on this potential inaccuracy, an increasing number of molecular genetic studies have instead investigated the relationship between variants in oxytocin-related genes and phenotypes related to trust, anxiety and social behavior. This includes the genes coding for the production of oxytocin (OXT) and vasopressin (AVP), the oxytocin receptor gene (OXTR) and the gene coding for CD38 (CD38), a transmembrane protein known to be important for oxytocin secretion in the central nervous system [4, [34] [35] [36] . Especially rs53576 and rs2254298, located at OXTR, are seen as particularly promising candidate polymorphisms [35, 37] . The rs53576A allele has been associated with increased risk for autism [38] , lower behavioral and dispositional empathy [39] , less maternal sensitivity [40] , lower positive affect in male, healthy subjects [41] , lower degree of trust behavior in healthy subjects [42] and lower scores on scales quantifying the degree of sociability, reliance on social approval and learning from interpersonal feedback [43] . Variants in rs2254298 have been found to be associated with the risk for autism spectrum disorders, amygdala volume, anxiety and depression (for a review, see Kumsta and Heinrichs [35] and Meyer-Lindenberg et al. [37] ). A third OXTR single nucleotide polymorphism (SNP), rs1042778, has been associated with empathic communication [44] and sensitive parenting [28] . OXT, AVP and CD38 are less intensively studied, but polymorphisms in these genes have been associated with the risk for autism (for a review, see Kumsta and Heinrichs [35] , Ebstein et al. [36] and Macdonald [45] ).
The functional consequences of variants in oxytocinrelated genes are not well elucidated, but with growing evidence for associations with social phenotypes, it is suggested that they contribute significantly to the construction of an individual's personality, hence may modulate oxytocin treatment effects [45] . In line with this theory, Marsh et al. [46] found that rs53576G carriers given intranasal oxytocin perceived infants' faces as more appealing compared to subjects given placebo. This effect was not seen in rs53576A carriers.
The aim of the present study was to investigate the relationship between oxytocin pathway gene variants and personality traits related to trust, anxiety and social behavior. We focused on 3 personality traits related to phenotypes associated with oxytocin and vasopressin in the lit-erature: agreeableness (related to trust), neuroticism (related to anxiousness and depression) and extraversion (related to social behavior and positive affect). We used 2 approaches for SNP selection. First, as we sought to investigate a broad set of polymorphisms, 69 SNPs on 4 oxytocin-related genes (OXT, OXTR, CD38, AVP) were genotyped on the Affymetrix Genome-Wide Human SNP Array 6.0 (Affymetrix Inc., Santa Clara, Calif., USA). Among these, 5 OXTR SNPs (rs11131149, rs237900, rs237902, rs2268494 and rs7632287) and 2 CD38 SNPs (rs6449197 and rs3796863) had previously been reported in the literature to have associations with trust, anxiety and/or social behavior. Second, as we wanted to replicate previous findings for 3 OXTR SNPs (rs53576, rs2254298 and rs1042778) that were not available from the first set of genotyping, we added imputations of these SNPs to our analyses.
Methods

Participants
Participants were healthy subjects recruited as control subjects in the TOP study (Thematically Organized Psychosis Research), which is a Norwegian multicenter study. The healthy control subjects were all of Caucasian origin, born in Norway. They were selected randomly from statistical records of persons from the same catchment areas in South-Eastern Norway as the hospitals giving services to the TOP study's case sample. A total of 196 consecutive healthy subjects (86 women and 110 men) filled out the personality inventory in addition to giving blood samples for genotyping, and completing other assessments related to other aspects of the TOP study. The age of the participants ranged from 18 to 59 years, with a mean age of 35 ± 9.6. All subjects were screened for illness using the Primary Care Evaluation of Mental Disorders and interviews about severe psychiatric disorders, drug abuse and somatic disease. Exclusion criteria were any history of severe psychiatric disorders (major depression, bipolar disorders and schizophrenia) in the participants or in any of their first-degree relatives, substance or alcohol abuse or dependency, history of head injury or medical problems that in some way could interfere with brain function. All participants gave written informed consent and the study was approved by the Norwegian Scientific Ethics Committees and the Norwegian Data Protection Agency.
Assessment Instruments
We used the Neuroticism-Extraversion-Openness Five-Factor Inventory (NEO-FFI), which is a 60-item short version of the Revised Neuroticism-Extraversion-Openness Personality Inventory. Both versions measure 5 personality traits: neuroticism (anxiousness, impulsiveness, depression, hostility, vulnerability to stress, self-consciousness), extraversion (excitement-seeking, gregariousness, assertiveness, warmth, activity, positive emotion), openness to experience (fantasy, aesthetics, feelings, actions, openness to ideas and values), agreeableness (trust, modesty, altruism, compliance, straightforwardness, tender-mindedness) and conscientiousness (self-discipline, order, achievement striving, competence, dutifulness, deliberation) [47] . The NEO-FFI is a self-report inventory with 12 items for each of the 5 personality domains. The items comprise descriptions of behavior with answers on a 5-point scale, ranging from 'strongly agree' to 'strongly disagree'. For the current study, we preselected 3 personality domains with relation to trust, anxiety and social behavior for investigation: agreeableness, neuroticism and extraversion. We thus obtained a total of 3 domain scores based on the mean of the 12 items representing each personality domain.
Genotyping
The TOP sample was genotyped using the Affymetrix Genome-Wide Human SNP Array 6.0 (Affymetrix Inc.). Samples were excluded if they were low-yield (call rate below 97%), if they were duplicates of other samples included in the study, if they had a sex determined by X chromosome marker homozygosity different from their reported sex or if they were calculated to have other ancestry than European. Markers with severe deviation from Hardy-Weinberg equilibrium, low-yield (<95%) or with minor allele frequencies below 0.05 were excluded. With this method, 69 SNPs located on 4 genes ± 20 kB were included in the analysis: OXTR (35 SNPs), OXT (4 SNPs), AVP (3 SNPs) and CD38 (27 SNPs). Additionally, 3 OXTR SNPs previously known from the literature were imputed: rs53576, rs2254298 and rs1042778.
Data Analysis
We performed association analyses between SNPs from 4 oxytocin genes (OXT, AVP, OXTR and CD38) and mean scores for agreeableness, neuroticism and extraversion as measured by the NEO-FFI. Linear regression analyses were performed with each personality trait treated as separate dependent variables using the PLINK software version 1.07 (http://pngu.mgh.harvard. edu/purcell/plink/), which allows for entering a 3-category type independent variable (i.e. entering the number of minor alleles with the possibility of 0, 1 or 2). Seventy-two SNPs within the 4 genes were included as independent variables. No interaction analyses between the independent variables were performed. The Bonferroni correction was used to adjust for multiple testing, with a threshold corrected p value of <0.05/216 = 2.31 × 10 -4 (number of tests).
Results
We found 7 nominally significant associations at the 5% level between personality traits and oxytocin-related polymorphisms ( table 1 ) : between agreeableness and rs857240 (p = 0.0075) located at the AVP and rs2270463 (p = 0.047) located at the OXTR, between neuroticism and rs3756242 (p = 0.024), rs13104011 (p = 0.024), rs6816486 (p = 0.024) and rs7655635 (p = 0.034) all located at the CD38, and between extraversion and rs237878 (p = 0.019) located at the OXTR. Directions of the results are indicated in table 1 . None of these polymorphisms had been reported to be associated with trust, anxiety or social behavior in the previous literature. The associations, however, did not remain significant after the Bon-ferroni correction, nor did we find any other nominally significant associations between SNPs and personality traits investigated.
Discussion
Our main finding was 7 nominally significant associations between variants in oxytocin-related genes (OXT, OXTR, CD38 and AVP) and personality traits related to trust, anxiety and social behavior (agreeableness, neuroticism and extraversion). None of the associations were significant after correction for multiple testing, and the discussion is based on uncorrected data.
Among the 72 SNPs included for analysis in the present study, 10 have been found in the previous literature to be associated with trust, anxiety and/or social behavior (8 located at OXTR: rs11131149, rs237900, rs237902, rs2268494, rs7632287, rs53576, rs2254298 and rs1042778, and 2 located at CD38: rs6449197 and rs3796863). rs53576, rs2254298 and rs1042778 might be the main genetic contributors to the OXTR modulation of social behavior [35] , hence these markers were imputed in our sample. We did, however, not find any association between these 3 polymorphisms and personality traits; hence, we were not able to replicate earlier findings.
Concerning other OXTR SNPs, we examined rs237902, which has been associated with negative symptoms in schizophrenia. Previous findings implied that patients with the minor allele had lower scores on the negative subscale of the Positive and Negative Symptom Scale [48] , i.e. symptoms including emotional and social withdrawal that are negatively correlated with sociability. In another study, rs237900 was found to be in moderate linkage disequilibrium (r 2 = 0.75) with rs237902 and associated with harm avoidance measured with the Temperament and Character Inventory [49] , a personality trait positively correlated with neuroticism and negatively correlated with extraversion [50] . In a study of 493 Japanese healthy subjects, affective temperaments were measured by the Temperament Evaluation of the Memphis, Pisa, Paris and San Diego Autoquestionnaire. They found an association between rs11131149 and depressive temperament [51] , a symptom often coexisting with anxiety. rs2268494A carriers were found in one study to be less cooperative in a Prisoner's Dilemma Game compared to rs2268494T carriers [52] , and the same SNP has been associated with autism spectrum disorders [53] . rs7632287 has been associated with pair-bonding behavior and social problems in childhood [54] . We were not able to find associations between any of these SNPs and personality traits.
Variants in OXT, AVP and CD38 are less extensively examined. In addition to their possible associations with autism spectrum disorders, CD38 have been associated with less parental touch [28] and slower visual processing of social stimuli [55] . To our knowledge, the relationship between these 3 genes and personality traits has not been examined before. We here found nominally significant associations between 4 SNPs located on CD38 (rs3756242, rs13104011, rs6816486 and rs7655635) and neuroticism, and between 1 AVP polymorphism (rs857240) and agreeableness.
In summary, we have found possible associations between variants in oxytocin-related genes and personality traits expected to be strongly correlated with trust, anxiety and social behavior. We were not able to replicate ear- (0, 1 or 2) . β values indicate the direction and magnitude of effect of each minor allele on the respective personality traits (positive β values indicate that carriers of the minor allele are high scorers on personality traits and negative β values that they are low scorers).
c None remained significant after the Bonferroni correction.
lier findings, and all the possible associations found were for SNPs with no previous reports in the literature. We sought to investigate a broad set of polymorphisms in oxytocin-related genes despite having a relatively small study sample, since the molecular genetic basis of the role of oxytocin and vasopressin in personality traits is mainly unknown. This could be the reason for the difficulties in establishing a clear pattern, but it could also be due to the complex relationship between these neuropeptides and different aspects of social phenotypes. Replication of our findings is necessary in a larger sample, and it would be interesting to investigate the role of gene-environment interactions.
